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allel reactors, and each of dienes are polymerized or copo-
lymerized with each other and/or with arylvinyl compounds,
wherein an organolithium initiator, an electron donor addi-
tive and a branching agent are fed into the first reactor, and
an organo lithium initiator, an electron donor additive and a
functionalizing agent are fed into the second reactor, and the
resultant polymerized mixtures are subsequently mixed with
cach other. This method allows for producing branched
functionalized (co)polymers of dienes that are characterized
by a statistical distribution of monomer units, a high content
of vinyl umts (1,2-butadiene units and/or 3,4-1soprene units
(more than 60%)), a narrow molecular weight distribution
and a controllable content of branched and functionalized
parts 1n the (co)polymer.
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METHOD FOR PRODUCING BRANCHED
FUNCTIONALIZED DIENE (CO)POLYMERS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a national phase filing under 35 U.S.C.
§371 of International Application No. PCIT/RU2012/

000806, filed Oct. 3, 2012, which claims priority to Russian
Federation Patent Application No. 2011140301, filed on Oct.
4, 2011.

FIELD OF THE INVENTION

The mmvention relates to the field of producing synthetic
rubbers, 1 particular diene (co)polymers, such as polybuta-
diene, polyisoprene and styrene-butadiene rubber (SBR),

that are useful for in the production of tyres and industrial
rubber articles, for the modification of bitumens, 1n electrical

engineering and in other fields.

BACKGROUND OF THE INVENTION

Diene (co)polymers are prepared by polymerization or
copolymerization of appropriate monomers 1n a hydrocar-
bon solvent in the presence of an organolithium compound
and an electron donor additive used to make the copolymer-
1zation rate constants of the monomers more consistent,
wherein the electron donor additive can be selected from
alkali metal alcoholates, tertiary diamines, and ethers [RU
2073023, U.S. Pat. No. 6,867,265 B2, U.S. Pat. No. 4,397,
994, U.S. Pat. No. 4,575,534].

Various branching agents providing the formation of
branched (co)polymer molecules are used when synthesing,
rubbers to improve the processability thereof. The degree of
branching of (co)polymers has an effect on their properties
such as crystallinity, plastic-elastic properties, elasticity of
solutions, and melt viscosity, allowing for the creation of
new copolymer materials with improved properties.

Analysis of literature sources [F. Tsutsumi, M. Sakak-
ibara, and N. Oshima, Rubber Chem. Technol., 63, 8 (1990);
C. A. Siena, C. Galan, M. J. Gomez Faton, and V. Ruiz Santa
Quiteria, Rubber Chem. Technol., 68, 259 (1995)] shows
that there are two main groups of branching agents: organo-
silicon and organotin compounds (silanes, siloxanes, stan-
nates) and vinyl denvatives (divinylbenzene, triacetoben-
zene, etc.).

The group of organosilicon and organotin compounds 1s
the most often used group. This group encompasses a great
diversity of silicon and tin compounds, starting from sim-
plest representatives such as tri- and tetrahalides of silicon
and tin, and up to their functionalized alkyl derivatives, such
as MeO,S1—(CH,),—SiMeO,, Cl;5+—CH,),—Si1Cl;,
S1Cl,—CH,—C(CH, )—CH,—S1Cl,, and siloxanes, {for
example, Cl1;S1—0—S1Cl,, Cl1,851—0—51C1,—0O—S1Cl,,.

It should be noted that the simplest representatives of said
group of branching agents (S1Cl, or SnCl,) are preferable as
a component used for industrial producing SBRs [H. L.
Hsieh and R. P. Quirk. Anionic Polymerization: Principles
and Practical Applications, Dekker, New York, 1996].

U.S. Pat. No. 4,523,618 patent discloses a method for
producing a branched styrene-butadiene rubber by using
compounds of the following common formula CI MeR,_ .
wherein n 1s 3 to 4, Me 1s S1 or Sn, R 1s Alk, Ar(C,-C,,), as
a branching agents. The method comprises loading a reactor
with monomers, electron donor additives (0.15 to 5% by

weight of TGF (tetrahydrofuran) or 0.01 to 0.5% by weight
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of TMEDA (tetramethylethylenediamine)) and an organo-
lithium 1nitiator. Copolymerization 1s carried out up to
completing conversion of monomers, at 20 to 120° C. for
from 0.1 to 24 hours, and thereafter the branching agent 1s
added to the polymernzed mixture. After the completion of
the branching process, the copolymer 1s 1solated from the
reaction mixture by adding lower alcohols. A stabilizer such
as 2,6-di-tert-butyl-p-crezole (0.5 to 1% by weight of copo-
lymer) 1s added to the obtained product. This method makes
it possible to produce branched SBRs with a styrene content
of 25% and a 1,2-butadiene content of 32%.

The branched copolymers produced by the aforesaid
method have a low content of 1,2-butadiene units (not more
than 47%), which 1s 1nsutlicient for producing rubbers for
treads with a required set of properties, 1n particular a high
wet skid resistance and a low rolling resistance. In order to
achieve the aforesaid properties, the optimal content of
1,2-butadiene units in rubber should be more than 60%
[Kuperman F. E., Novel rubbers for tires. Priority require-
ments. Methods of assessment.—Moscow, 2005.—329 p.;
Pichugin A. M., Materials science aspects of tire rubber
development.—Moscow, 2008.—384 p.].

Patent U.S. Pat. No. 35,066,721 A (Nov. 19, 1991) of
Bridgestone Corporation (Japan) also discloses a method for
producing a branched styrene-butadiene rubber, wherein
organic silicon derivatives containing halogen atoms (chlo-
rine or bromine) are used as a branching agent. The method
uses ethers (tetrahydrofuran, dimethoxyethane, and dim-
cthyl and dibutyl ethers of diethylene glycol, etc.) and
tertiary amines (pyridine, triethylamine, N,N,N',N'-tetram-
cthylethylenediamine (TMEDA), N-methylmorpholine, and
others) as the electron donor additive. Organolithium com-
pounds, including n-butyllithtum, are used as an mitiator of
the copolymerization process. This method makes i1t pos-
sible to produce copolymers containing about 60% of 1,2-
butadiene units.

It 1s known in the art that the presence of functional
groups 1n the structure of a copolymer, for example tin-,
silicon- or amino-containing groups, allows to achieve an
improved distribution of reinforcing fillers in the rubber
matrix (copolymer), which in turn reduces hysteresis loss
and increases the durability and wet grip. [V. R.-S. Quiteria,
C. A. Sierra, J. M. Gomez-Fatou, C. Galan, L. M. Fraga.
“Tin-coupled styrene-butadiene rubbers (SBRs). Relation-
ship between coupling type and properties”//Macromolecu-
lar Materials and Engineering, 1999, 246, 2025-2032; C. A.
Uraneck, J. N. Short, “Solution-polymerized rubbers with

superior breakdown properties™//J. Appl. Polym. Sci1. 2003,
14, 1421-1432].

U.S. Pat. No. 5,268,439 (Dec. 7, 1993) discloses a method
for producing a branched functionalized SBR, wherein sty-
rene and butadiene are copolymerized in the presence of an
organolithium imtiator and electron donor additives, fol-
lowed by the addition of a branching agent. The lithium
initiator 1s (tributyltin)lithium corresponding to the formula
(R),SnL1, wherein R 1s alkyl. This 1nitiator acts as a func-
tionalizing agent due to the presence of tin. Compounds such
as N,N,N'.N'-tetramethylethylenediamine, tetrahydrotfuran,
etc. can be used as the electron donor additive. As the
coupling branching agent compounds are used that are
selected from SnCl,, alkyl-tin chlonides, and N,N'-dimethy-
lethylurea. The resultant copolymer of general formula
R,SnYL1, wherein Y 1s a copolymer radical, has a styrene
content of 20.6%, a vinyl content of 51.4%; a Mooney
viscosity of 65; tear strength of 21 MPa, relative elongation
of 376%; tgd (23° C.) of 0.1079; tgd (50° C.) of 0.0739;
M, =556000 g/mol.
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This method provides copolymers with a low content of
1,2-butadiene umts and a high value of polydispersity. In
addition, a disadvantage of this method consists 1 the
necessity to use an expensive and unstable lithium mitiator
that preparation takes about 20 hours.

U.S. Pat. No. 5,959,048 (Sep. 28, 1999) considered as the
closest prior art discloses a method of forming a branched
functionalized styrene-butadiene rubber 1n an acyclic alkane
solvent and 1n the presence of an amine-containing organo-
lithium 1nitiator, wherein the initiator 1s a mixture of a
lithium amine of formula A L1 taken 1n an amount of about
90 to about 10 parts by weight and lithium amine of formula

A,L1 taken 1n an amount of about 10 to about 90 parts by
weight, wherein A, and A, are different or independently
selected from the group consisting of dialkyl-, alkyl-,
cycloalkyl- and dicycloalkylamine radicals of the formula

R,

\
N—

R

and cyclic amine radicals of the formula

_?

R
R, N
N

wherein each R, 1s independently selected from the group
consisting ol alkyl, cycloalkyl and aryl, having from 3 to
about 12 carbon atoms, and R, 1s selected from the group
consisting of an alkylene, oxy- or amino-alkylene group
having from about 3 to about 16 methylene groups (for
example, a mixture of lithium trimethyl-hexamethylene-
amide and lithrum 3,3,5-trimethyltetrahydroazepine). Then
the obtained polymer reacts with a branching agent, which
may be, 1n particular, a compound ot the formula (R,) 72X, .
wherein Z 1s tin or silicon, R, 1s selected from the group
consisting of alkyl comprising from 1 to 20 carbon atoms,
aryl comprising from 6 to 20 carbon atoms; X 1s chlorine or
bromine; a1s 0to 3, bis 1 to 4, and a+b=4. The 1nitiator used
in this known method 1s prepared by a reaction of n-butyl-
lithium with a mixture of brenched amines of the above-
indicated structure 1n an alyphatic solvent medium. Com-
pounds uselul as the electron donor additive are
tetrahydrofuran, 2-2'-ditetrahydrofuranpropan, dipiperi-
dinethane, dimethyl ether, diethyl ether, tributylamine,
tetramethylethylenediamine (TMEDA), ethylene glycol
cthers, and crown ethers. The resulting polymer 1s vulca-
nized to produce rubbers with reduced hysteretic loss,
reduced rolling resistance and reduced heat build-up. The
resulting copolymer contains 20.1% of styrene (1.6% of
block styrene), 43.8% of 1,2-butadiene units, and has glass
transition temperature of —49° C., M, =145511, polydisper-
sity of 1.90, and a Mooney viscosity of 62.

Copolymers produced according to this method have a
low content of 1,2-butadiene units. In addition, a disadvan-
tage of the method of forming a functionalized polymer
consists 1n the necessity of using a solution of unstable
lithium amides as an initiator, wherein precipitation of the
nitrogen-containing initiator from the solution occurs after
30-day storage. Such precipitation decreases the concentra-
tion of the mitiator in the solution and makes 1t dithicult to
deliver the mitiator 1n an amount required for the polymer-
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ization. In addition, the nitiator 1s obtained by a reaction of
n-butyllithium with a mixture of two different amines since

the use of only one of amines results to 1ts 1immediate

precipitation [RU Patent 2175330].

In this connection, the purpose of the present invention 1s
to develop an eflective method for producing branched
functionalized diene (co)polymers characterized by a statis-
tical distribution of monomer units, high content of vinyl
units (1,2-butadiene units and/or 3,4-1soprene units (more
than 60%)), and a narrow range ol the molecular mass
distribution (1.4-1.7). The method allows regulation of the
amount of the branched and functionalized parts in the
(co)polymer.

SUMMARY OF THE INVENTION

The problem solved and the technical result 1s achieved
by polymerization or copolymerization of dienes with each
other and/or with arylvinyl compounds to obtain branched
functionalized (co)polymers, 1n a hydrocarbon solvent in the
presence ol an organolithrum initiator, an electron donor
additive, a functionalizing agent, and a branching agent. The
polymerization 1s carried out in two parallel reactors,
wherein dienes are polymerized or copolymerized with each
other and/or with a-olefins, and wherein organolithium
initiator, an electron donor additive and a branching agent
are fed to the first reactor, and an organolithium initiator, an
clectron donor additive and a functionalizing agent are fed
to the second reactor, followed by mixing the resultant
polymerizing mixture with each other. The organolithium
mitiator 1s selected from the group consisting of alkyl-
lithium, aryllithium, and alkenyllithium. The organolithium
initiator 1s fed to the second reactor 1n an amount of from 0.8
to 1.2 mmol based on 100 g of monomers. The functional-
1izing agent 1s added when a degree of conversion of the
monomers reaches 50 to 100%.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

The mvention provides a method for producing branched
functionalized diene (co)polymers, according to which said
(co)polymers are produced by polymerization or copolymer-
1ization ol dienes with each other and/or with a-olefins 1n a
hydrocarbon solvent in the presence of an organolithium
initiator, an electron donor additive, a functionalizing agent,
and a branching agent.

The dienes preferably used are conjugated dienes, such as
butadiene and/or 1soprene. Arylvinyl compounds are aro-
matic cyclic compounds comprising a cyclic substituted or
non-substituted aryl group, in particular phenyl, having
vinyl group attached thereto, which 1n turn may be substi-
tuted or non-substituted. As the arylvinyl compounds 1t 1s
preferred to use compounds such as styrene, alpha-methyl-
styrene, €tc.

The organolithium initiator i1s selected from the group
consisting of ethyllithium, 1sopropyllithium, n-butyllithium,
tert-octyllithium, phenyllithium, phenyllithium, 2-naphtyl-
lithium, 4-butylphenyllithium, 4-phenylbutyllithium, and
cyclohexyllithium.

As the electron donor additive, a compound comprising at
least one heteroatom and/or a mixture thereof with alkali
and/or alkaline metal alkoxides 1s used. For example, it may
be a compound represented by one of the following formu-
las:
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R—0O—FR

R—O0—CH,3~0—R

R O—CH, O}H R’

(\0/7
Q Q

uo\)
F

R R
\ /
N—%CHﬁ;N

/ \
R’ R’

wherein n 1s from 1 to 20; R, R' are CH,, C,H;, n-C H-,
1-C,H,, n-C,H,, s-C,H,, t-C,H,, 1-C,H,, C.H,,, C.H,;,
CHs, GgHys GoHyo, CioHyy, CGeHs,  0-CoHLCH;,
m-C.H,CH;, p-C,H,CH;, o-C,H,C,H., m-C,H,CH,;,
p-C,H,CH,, and

R—OMe"

*Me O—X X —OMe"
\ /
/N—&CHzaﬁ_—N

\
"MeO—X X—OMe"

OMe"

O CH{T
F

wherein n 1s from 1 to 20; m 1s from 1 to 4; Me 1s L1, Na,
and K; X 1s —CH,—, —C,H,—, —CH,—, —C,H,—,
—CsHyg— —CeHo— —C;H 40— —CgH, s— R1s CH;,
C,H,, n-C,H,, 1-C ;H,, n-C,H,, s-C,H,, t-C,H,, 1-C H,,
CsHyp, CeHysy GiHyse CGgHyp CoHyo, CioHyy, CoHs,
o-C.H,CH;, m-C.H,CH,;, p-CH,CH;, o-C-H,C,H.,
m-C.H,CH,, p-C,H,CH,.

As the electron donor additive, 1t 1s also possible to use
products of a reaction between the above-mentioned com-
pounds, which can be formed both before and after feeding
said compounds to a polymerized mixture.

A mole ratio of the organolithium initiator to the com-
pound comprising at least one heteroatom may be preferably
1:(0.1-1.0), and a mole ratio of the organolithium 1nitiator to
the alkal1 and/or alkaline metal alkoxide may be preferably
1:(0.1-1.0). These limitations of the mole ratios are deter-
mined by the necessity of obtaining a specified amount of
1,2-butadiene units in the butadiene part of a polymer chain,
and the necessity of regulating the degree of statistical
distribution of styrene in a rubber (absence of microblocks).

The polymernization process 1s conducted in two reactors
connected 1n parallel, wherein (co)polymerization of corre-
sponding monomers 1s carried out within each of the reac-
tors. An amount of the organolithium mitiator 1s fed to the
first reactor with said amount being preferably of 1.2 to 2.0
mmol based on 100 g of monomers followed by the addition
of a branching agent. The branching agent is preferably
added when a degree of conversion reaches from 50 to
100%. An amount of the organolithium 1nitiator 1s fed to the
second reactor with said amount being preferably of 0.8 to
1.4 mmol based on 100 g of monomers followed with the
addition of a functionalizing agent. The functionalizing
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6

agent 1s preferably added when a degree of conversion
reaches from 95 to 100%. Then, the obtained polymerized
mixtures from said both reactors are fed to a third reactor
preferably at a weight ratio of the first mixture to the second
mixture ranging irom (0.01-0.99) to (0.99-0.01), and are
mixed with each other, followed by carrying out a chain-
termination reaction. The method of copolymerization 1s
preferably carried out at a temperature of 30 to 80° C.

As the branching agent, one or more of the following
compounds are added 1in any combinations, which com-
pounds are selected from the group consisting of:

compounds of formulas EHal,R,, EHal,R, E'Hal,,

wherein E and E are Sn, Ge or Si; Hal 1s E, Cl, Br or
[; R 1s linear or branched C,-C,,-alkyl, preferably
C,-Cq-alkyl, such as methyl, ethyl, propyl, butyl, 1so-
propyl, 2-ethyl-hexyl, etc.; or aryl such as substituted
or unsubstituted C.-C,,-aryl, preferably benzene
derivatives, for example, such as phenyl, tolyl, 2-meth-
ylphenyl, etc., or arylalkyl that may be C,-C,,-arylal-
kyl, 1n particular benzene; and

compounds which are substituted benzene (C_H,) having

at least two hydrogen atoms substituted with a group
selected from the following series: -Hal, —CH—CH,,,
and —C(O)alkyl. Alkyl 1s a monovalent radical of
saturated linear or branched C,-C,,-hydrocarbon (al-
kane), preferably C,-C,, for example, methyl, ethyl,
propyl, butyl, 1sopropyl, 2-ethyl-hexyl, etc.; and Hal 1s
as defined above,

wherein said compounds are added simultaneously or
sequentially.

The branching agent 1s preferably used at a molar ratio to
the organolithium imtiator ranging from 0.01 to 0.99. The
process ol branching is carried out preferably at a tempera-
ture of 60 to 80° C. for 5 to 120 minutes.

As the functionalizing agent, the compounds are used
which are selected from the group consisting of: N,N-di-
substituted aminoalkyl acrylamides and N,N-di-substituted
aminoalkyl methacrylamides, such as N,N-dimethylamino-
propyl acrylamide and N,N-dimethylaminopropyl meth-
acrylamide; N,N-di-substituted aminoaromatic compounds,
such as N,N-dimethylaminoethyl styrene and N,N-diethyl-
aminoethyl styrene; N-substituted cyclic amides, such as
N-methyl-2-pyrrolidone, N-vinyl-2-pyrrolidone, N-phenyl-
2-pyrrolidone, N-methyl-epsilon-caprolactam; N-substi-
tuted cyclic ureas, such as 1,3-dimethylethylene urea and
1,3-diethyl-2-imidazolidinone; and N-substituted aminoke-
tones, for example, such as N,N'-bis-(dimethylamino)ben-
zophenone (Michler’s ketone) and N,N'-bis-(diethylamino)
benzophenone. The functionalizing agent 1s used at a molar
ratio to the organolithium iitiator ranging from 0.5 to 1.0.
The functionalization process 1s carried out preferably at a
temperature of 60 to 80° C. for 15 to 60 minutes.

After the synthesis, the catalyst 1s deactivated and the
rubber 1s stabilized by adding an antioxidant solution,
—such as agidol-2 or another type, to the polymerizate in an
amount of 0.2 to 0.6 wt. %. Then, the rubber 1s 1solated by
known methods, such as water-steam degassing and drying
on rollers.

The claimed method provides the production of branched
functionalized diene (co)polymers characterized by a statis-
tical distribution of monomer units, narrow molecular
weilght distribution (MWD), and high content of vinyl units
(1,2-butadiene units and/or 3,4-1soprene units (more than
60%)). The main advantage of this method 1s the possibility
to regulate the branched and functionalized parts 1n a rubber.
This allows for obtaining rubbers of different nature (for
example, with higher degree of branching, but lower degree
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of functionalization and vice versa, or equal degrees of
branching and functionalization), which 1 turn effects on
the properties of the rubber and compounds thereof. Higher
degree of branching (60-90%) provides an improvement 1n
the processing properties of the rubber, whereas higher
degree of functionalization provides an improvement in the
dynamic parameters of rubber-based mixtures. Thus, it 1s
possible to produce rubbers with a variety of properties,
thereby meeting customer demands and broadening the field
of their applications.
The 1nvention 1s illustrated by the examples below.

Example 1
Comparative, According to the Prototype

A glass reactor filled with nitrogen and equipped with a
stirrer 1s loaded with 144 g of butadiene and 36 g of styrene
and 1s dosed with 2 ml of a 0.9 M (1.8 mmol) 1mitiator (a
mixture of lithium hexamethylene diamine and lithium
pyridine), and then N,N,N' N'-tetramethylenediamine
(TMEDA) 1s added at a TMEDA/RL1 molar ratio of 0.30.
The reaction mass 1s stirred at 50° C. for 1.5 hours, then
3.6*107* mol of a branching agent (tin tetrachloride (SnCl,))
1s added at the same temperature at the molar ratio of

SnCl,:1/4RL1 of 0.8:1. The obtained product contains 20.1%
of styrene (1.6% of block styrene) and 43.8% of 1,2-
butadiene units, glass transition temperature 1s —-49° C.,
Mn=145511, polydispersity 1s 1.9, Mooney viscosity 1s 62
units.

Example 2

Two parallel glass reactors, wherein each reactor 1s of 1
liter and equipped with temperature and pressure measuring
devices, a loader, an unloader, a stirrer and a jacket are filled
with a batch consisting of 350 g of nefras preliminarily dried
and deoxygenated, 46 g of butadiene and 12 g of styrene (the
weight ratio of the monomers 1n the reaction medium 1s
80:20). The temperature at which the batch 1s fed to the
reactors 1s —10° C. When the temperature reaches 15° C., a
catalyst system consisting of n-butyllithium and a mixture of
clectron donor additives 1s added thereto. The mixture of
clectron donor additives 1includes tetramethylene diamine as
0.066 M solution in nefras at a ratio of TMEDA/n-butyl-
lithium of 0.7 mol, and 0.07 M solution of sodium tetrahy-
drofurfurylate (STGF) 1n toluene at a ratio of STGF/n-
butyllithium o1 0.6 mol. 0.16 M solution of n-butyllithium in
nelras 1s fed to the first reactor 1 an amount of 1.5 mmol
based on 100 g of monomers. To the second reactor, n-bu-
tyllithtum 1s fed at the same concentration 1n an amount of
1.0 mmol based on 100 g of monomers. The process of
copolymerization 1s carried out 1n both reactors at 60° C. up
to conversion of 98.7%. After reaching the conversion, a
0.083 M solution of dibutyltin dichloride in nefras 1s fed to
the first reaction at a molar ratio to L1 of 0.1; the reaction 1s
carried out at 80° C. for 30 minutes, then 0.085 M solution
of tin tetrachloride 1n nefras 1s fed at a molar ratio to L1 of
0.2, and the reaction 1s carried out for additional 45 minutes
at the same temperature. After reaching the conversion, the
second reactor 1s loaded with a functionalizing agent
(Michler’s ketone) in the form of a 0.37 M solution at a
molar ratio to L1 of 0.8; the reaction 1s continued for
additional 30 minutes at the same temperature. After that,
the polymerized mixture from the first reactor 1s mixed with
the polymerized mixture from the second reactor in a weight
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ratio of 0.01:0.99 for 5 minutes. As an antioxidant, Agidol-2
in an amount of 0.5 wt. % 1s used.

The obtained product contains 21.1% of styrene and 64%
of 1,2-butadiene units, glass transition temperature 1s —24°
C., Mn=318000, polydispersity 1s 1.4, Mooney viscosity 1s
45 units.

Example 3

The process 1s carried out as described 1n Example 2,
except that the amount of n-butyllithium 1s 1.2 mmol based
on 100 g of monomer 1n the first reactor and 0.8 mmol based
on 100 g monomer 1n the second reactor. A 0.082 M solution
of dibromodiphenylsilane 1n nefras i1s used as a branching
agent 1n the first reactor at a molar ratio to L1 of 0.2; the
reaction 1s carried out for 45 minutes at 60° C., then 0.089
M solution of germanium tetrachloride 1s added at a molar
ratio to L1 of 0.15, and the reaction 1s carried out for
additional 45 minutes at the same temperature. When con-
version reaches 99.0%, a functionalizing agent (Michler’s
ketone) 1s fed to the second reactor, and the reaction 1s
carried out for additional 15 minutes at the same tempera-
ture. After that, the polymerized mixture from the first
reactor 1s mixed with the polymerized mixture from the
second reactor at a weight ratio of 0.99:0.01 for 15 minutes.
The obtained product contains 20% of styrene and 63% of
1,2-butadiene units, glass transition temperature 1s —25° C.,
Mn=330000, polydispersity 1s 1.7, Mooney viscosity 15 48
units.

Example 4

The process 1s carried out as described 1n Example 2,
except the use 0.66 M diethylamine in nefras in a ratio of
diethylamine/n-butyllithium of 0.7 mol and 0.047 M ethyl-
ene glycol di-tert-butyl ether (EGDTBE) in nefras in the
EGDTBE/n-butyllithium ratio of 0.7 mol, as a mixture of
electron donor additives. When conversion reaches 0.99%,
0.082 M dibromodiphenylsilane 1n nefras 1s fed to the first
reactor 1n a molar ratio to L1 of 0.3; the reaction 1s carried
out for 30 minutes at 60° C.; then 0.085 M tin tetrachloride
1s added 1n a molar ratio to L1 of 0.1, and the reaction 1s
carried out for additional 45 minutes at the same tempera-
ture. The reaction with a functionalizing agent in the second
reactor 1s carried out for 60 minutes. After that, the polym-
erized mixture from the first reactor 1s mixed with the
polymerized mixture from the second reactor 1n a weight
ratio of 0.2:0.8 for 2 minutes.

The obtained product contains 20.5% of styrene and 62%
of 1,2-butadiene units, glass transition temperature 1s —27°
C., Mn=310000, polydispersity 1s 1.4, Mooney viscosity 1s
45.

Example 5

The process 1s carried out as described in Example 2,
except that, when conversion reaches 99.0%, a 0.083 M
methyltin trichloride 1n nefras 1s fed to the first reactor 1n a
molar ratio to L1 of 0.1; the reaction 1s carried out for 30
minutes at 70° C., then 0.089 M silicon tetrabromide 1s
added 1n a molar ratio to .1 of 0.2, and the reaction 1s carried
out for additional 60 minutes at the same temperature. After
that, the polymerized mixture from the first reactor 1s mixed
with the polymerized mixture from the second reactor 1n a
weilght ratio of 0.8:0.2 for 10 minutes.
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The obtained product contains 20.2% of styrene and 66%
of 1,2-butadiene units, glass transition temperature 1s —21°
C., Mn=307000, polydispersity 1s 1.6, Mooney viscosity 1s
46.

Example 6

The process 1s carried out as described in Example 2,
except that the first reactor 1s loaded simultaneously with
0.083 M dibutyltin dibromide 1n nefras 1n a molar ratio to L1
of 0.2 and 0.089 M germanium tetrachloride 1n nefras in a
molar ratio to L1 o1 0.15; the reaction 1s carried out at 80° C.
for 45 minutes. N,N-dimethylaminopropyl metacrylate 1s
added to the second reactor as a functionalizing agent, in a
molar ratio to L1 of 0.1; the reaction 1s carried out for 30
minutes. After that, the polymerized mixture from the first
reactor 1s mixed with the polymenized mixture from the
second reactor 1n a weight ratio of 0.3:0.7 for 5 minutes.

The obtained product contains 20.5% of styrene and 65%
of 1,2-butadiene units, glass transition temperature 1s —25°
C., Mn=322000, polydispersity 1s 1.5, Mooney viscosity 1s
46.
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25
The process 1s carried out as described in Example 2,
except the use of 0.075 M potassium tetrahydrofurfurylate 1in
toluene 1n the PTGFEF/n-butyllithium ratio of 0.8 mol and
0.047 M ethylene glycol di-tert-butyl ether in nefras 1n the
EGDTBE/n-butyllithium ratio of 0.6 mol as a mixture of
clectron donor additives. The dose of n-butyllithium 1s 2.0
mmol based on 100 g of monomer 1n the first reactor, and 1.2
mmol based on 100 g monomers 1n the second reactor. The
branching process 1s carried out by simultaneous addition of
0.082 M tribromoethylsilane 1n nefras 1n a molar ratio to Li
of 0.25 and 0.085 M tin tetrachloride in a molar ratio to L1
01 0.125; the reaction 1s carried out at 60° C. for 30 minutes.
After that, the polymerized mixture from the first reactor 1s
mixed with the polymerized mixture from the second reactor

in a weight ratio of 0.5:0.5 for 20 minutes.
The obtained product contains 19.8% styrene and 61% of
1,2-butadiene units, glass transition temperature 1s —20° C.,
Mn=260000, polydispersity 1s 1.45, Mooney viscosity 1s 42.
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Example 8 45

The process 1s carried out as described in Example 2,
except that the process of branching 1s carried out by
simultaneous addition of 0.082 M phenyltrichlorosilane 1n
nefras 1 a molar ratio to L1 of 0.1 and 0.089 M silicon
tetrachloride 1n nefras in a molar ratio to L1 of 0.2; the
reaction 1s carried out at 65° C. for 60 minutes. After that,
the polymerized mixture from the first reactor 1s mixed with
the polymerized mixture from the second reactor in a weight
ratio of 0.4:0.6 for 20 minutes.

The obtained product contains 19.7% styrene and 63% of
1,2-butadiene units, glass transition temperature 1s —23° C.,
Mn=328000, polydispersity 1s 1.5, Mooney viscosity 1s 47.
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Example 9 60
The process 1s carried out as described in Example 2,

except that a dose of n-butyllithium 1s 1.6 mmol based on

100 g of monomer 1n the first reactor, and of 1.0 mmol based

on 100 g of monomers 1n the second reactor; the branching 65

process 1s carried out by simultaneous addition of 0.083 M

diphenyltin dichloride 1n nefras 1n a molar ratio to L1 of 0.2

10

and 0.089 M germanium tetrachloride 1n nefras 1n a molar
ratio to L1 of 0.15; the reaction 1s carried out at 65° C. for
30 minutes. After that, the polymerized mixture from the
first reactor 1s mixed with the polymerized mixture from the
second reactor 1 a weight ratio of 0.6:0.4 for 7 minutes.
The obtained product contains 20% of styrene and 64% of
1,2-butadiene units, glass transition temperature 1s —24° C.,
Mn=299000, polydispersity 1s 1.6, Mooney viscosity 1s 45.

Example 10

The process 1s carried out as described 1n Example 2,
except that a dose of n-butyllithium 1s 1.7 mmol based on
100 g of monomer 1n the first reactor, and of 1.1 mmol based
on 100 g of monomers 1n the second reactor; the branching
process 1s carried out by simultaneous addition of 0.08 M
diphenyltin dichloride in nefras 1n a molar ratio to L1 o1 0.2
and 0.089 M tin tetrachloride in nefras 1n a molar ratio to L1
of 0.15; the reaction 1s carried out at 70° C. for 60 minutes.
After that, the polymerized mixture from the first reactor 1s
mixed with the polymerized mixture from the second reactor
in a weight ratio of 0.5:0.5 for 12 minutes.

The obtained product contains 21% of styrene and 65% of
1,2-butadiene units, glass transition temperature 1s —22° C.,
Mn=3135000, polydispersity 1s 1.5, Mooney viscosity 1s 46.

Example 11

The process 1s carried out as described 1n Example 2,
except that the dose of n-butyllithium 1s 1.6 mmol based on
100 g of monomer 1n the first reactor, and of 1.0 mmol based
on 100 g of monomers 1n the second reactor; the process of
branching 1s carried out by simultaneous addition of 0.08 M
methyltrichlorosilane 1n nefras 1n a molar ratio to L1 of 0.2
and 0.09 M germanium tetrachloride 1n nefras in a molar
ratio to L1 of 0.15; the reaction 1s carried out at 70° C. for
60 minutes. After that, the polymerized mixture from the
first reactor 1s mixed with the polymerized mixture from the
second reactor 1 a weight ratio of 0.4:0.6 for 20 minutes.

The obtained product contains 21% of styrene and 63% of
1,2-butadiene units, glass transition temperature 1s —23° C.,
Mn=330000, polydispersity=1.6, Mooney viscosity=48.

Example 12

The process 1s carried out as described 1n Example 2,
except that, when conversion reaches 50.0%, a 0.09 M
solution of divinylbenzene 1n nefras 1s fed to the first reactor
in a molar ratio to L1 of 0.1; the reaction 1s carried out for
45 minutes at 70° C., then a 0.08 M solution of tin tetra-
bromide 1s added 1n a molar ratio to L1 of 0.2, and the
reaction 1s carried out for additional 60 minutes at the same
temperature. After that, the polymerized mixture from the
first reactor 1s mixed with the polymerized mixture from the
second reactor 1 a weight ratio of 0.8:0.2 for 10 minutes.

The obtained product contains 20.8% of styrene and 64%
of 1,2-butadiene units, glass transition temperature 1s —25°
C., Mn=300000, polydispersity=1.5, Mooney viscosity=42.

Example 13

The process 1s carried out as described 1n Example 2,
except that phenyllithium 1s used as an iniyiator, and 0.66 M
diethylamine 1n nefras in a ratio of diethylamine/phenyl-
lithium of 1 mol 1s used as an electron donor additive. The
first reactor 1s loaded with phenyllithium 1n the form of a
0.16 M solution 1n ether in an amount of 1.5 mmol based on
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100 g of monomers. The second reactor 1s loaded with
phenyllithium at the same concentration in an amount of 1.0
mmol based on 100 g of monomers.

The obtained copolymer contains 20% styrene and 60%
of 1,2-butadiene units, glass transition temperature 1s —26°
C., Mn=240000, polydispersity=1.5, Mooney viscosity—
35.

Example 14

The process 1s carried out as described in Example 2,
except that polybutadiene lithtum 1s used as an initiator. A
0.082 M solution of dibromodiphenylsilane 1n nefras 1 a
molar ratio to Li of 0.1 1s fed to the first reaction as a
branching agent; the reaction 1s carried out for 45 minutes at
60° C.; then a 0.089 M solution of germanium tetrachloride
1s added 1n a molar ratio to L1 of 0.2, and the reaction 1s
carried out for additional 45 minutes at the same tempera-
ture. When conversion reaches 99%, 1,3-diethyl-2-1midazo-
lidinone 1s fed to the second reactor as a functionalizing
agent; the reaction 1s continued for additional 45 minutes at
the same temperature. After that, the polymerized mixture
from the first reactor 1s mixed with the polymerized mixture
from the second reactor 1 a weight ratio of 0.5:0.5 for 15
minutes.

The obtained product contains 20% styrene and 63% of
1,2-butadiene units, glass transition temperature 1s —25° C.,
Mn=380000, polydispersity=1.5, Mooney viscosity—>55.

Example 15

The process 1s carried out as described 1n Example 13,
except that two parallel metal reactors, wherein each reactor
1s of 1 liter and equipped with temperature and pressure
testers, a loader, an unloader, a blander and a jacket are
loaded with batch consisting of 700 g of nefras previously
dried and deoxygenated, and 116 g of butadiene. When
conversion reaches 99.5%, 0.082 M diphenylditluorosilane
in nefras 1s fed to the first reaction 1n a molar ratio to L1 of
0.4; the reaction 1s carried out for 30 minutes at 60° C., then
a 0.085 M solution of tin tetrachlonide 1s added in a molar
ratio to L1 of 0.05; the reaction 1s carried out for additional
45 minutes at the same temperature. The reaction with a
functionalizing agent (N,N-dimethylaminopropyl acrylam-
ide) 1n the second reactor 1s carried out for 30 minutes. After
that, the polymerized mixture from the first reactor 1s mixed
with the polymerized mixture from the second reactor 1n a
weight ratio of 0.8:0.2 for 20 minutes.

The obtained product contains 66% of 1,2-butadiene
units, glass transition temperature 1s =38° C., Mn=380000,
polydispersity=1.7, Mooney viscosity=53.

Example 16

The process 1s carried out as described 1n Example 13,
except two parallel metal reactors, wherein each reactor 1s of
1 Iiter and equipped with temperature and pressure testers,
a loader, an unloader, a blander and a jacket are loaded with
batch consisting of 350 g of nefras previously dried and
deoxygenated, 54 g of butadiene, and 4 g of 1soprene. 0.066
M calctum butylate in toluene 1n a ratio of calctum butylate/
phenyllithium of 1 mol 1s used as an electron donor additive.
When conversion reaches 99.5%, a 0.082 M solution of
diphenylditluorosilane in nefras 1s fed to the first reactor 1n
a molar ratio to L1 of 0.5; the reaction 1s carried out for 30
minutes at 60° C., then a of 0.085 M solution of tin
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tetrachloride 1s added 1n a molar ratio to L1 of 0.2, and the
reaction 1s carried out for additional 45 minutes at the same
temperature.

The obtained product has the 1soprene/butadiene ratio of
7/93, and comprises 60% ol 3,4-1soprene units and 66% of
1,2-butadiene units, glass transition temperature 1s —14° C.,
Mn=380000, polydispersity=1.7, Mooney viscosity=35.

Example 17

The process 1s carried out as described 1n Example 7,
except that two parallel metal reactors, wherein each reactor
1s of a volume of 1 liter and equipped with temperature and
pressure testers, a loader, an unloader, a blander and a jacket,
are loaded with batch consisting of 350 g of nefras previ-
ously dried and deoxygenated, and 58 g of 1soprene. Poly-
1soprenyllithium 1s used as an initiator. A dose of n-butyl-
lithium 1s 2 mmol based on 100 g of monomer 1n the first
reactor, and of 1.4 mmol based on 100 g monomers 1n the
second reactor.

The obtamned product contains 57% of 3.4%-1soprene
units, glass transition temperature 1s —22° C., Mn=240000,
polydispersity=2, Mooney viscosity=60.

Example 18

The process 1s carried out as described 1n Example 2,
except that 0.66 M dimethylsulfide 1n toluene 1n the ratio of
dimethylsulfide/n-butyllithium of 1 mol 1s used as an elec-
tron donor additive. When conversion reaches 95%., the
second reactors 1s loaded with N-methyl-epsilon-capro-
lactam used as a functionalizing agent; the reaction 1s carried
out at 60° C. for 30 minutes.

The obtained product contains 20% styrene and 60% of
1,2-butadiene units, glass transition temperature 1s —26° C.,
Mn=240000, polydispersity=1.5, Mooney viscosity=35.

Example 19

The process 1s carried out as described 1n Example 2,
except that two parallel metal reactors, wherein each reactor
1s of a volume of 1 liter and equipped with temperature and
pressure testers, a loader, an unloader, a blander and a jacket,
are loaded with batch consisting of 350 g of nefras previ-
ously dried and deoxygenated, 17 g of styrene, 20 g of
butadiene, and 20 g of i1soprene. The mixture of electron
donor additives includes 0.066 M tetramethylenediamine 1n
neifras 1 a ratio of TMED/n-butyllithium of 0.15 mol and
0.07 M sodium tetrahydrofurfurylate 1n toluene 1n a ratio of
TGFS/n-butyllithium of 0.1 mol. When conversion reaches
98%, the second reactors 1s loaded with N,N-diethylamino-
cthylstyrene used as a functionalizing agent, the reaction 1s
carried out at 60° C. for 30 minutes.

The obtained product has the styrene/isoprene/butadiene
ratio of 28/36/36, and contains 52% of 3,4-1soprene units
and 45% of 1,2-butadiene units, glass transition temperature
1s —21° C., Mn=300000, polydispersity=1.8, Mooney vis-
cosity=35.

Example 20

The process 1s carried out as described 1n Example 7,
except that two parallel metal reactors, wherein each reactor
1s of a volume of 1 liter and equipped with temperature and
pressure testers, a loader, an unloader, a blander and a jacket,
are loaded with batch consisting of 350 g of nefras previ-
ously dried and deoxygenated, 10 g of alpha-methyl-styrene,
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20 g of butadiene, and 25 g of i1soprene. The mixture of
clectron donor additives includes 0.066 M tetramethylene-
diamine in nefras 1n a ratio of TMEDA/n-butyllithium of 0.5
mol and 0.1 M sodium tetrahydrofurfurylate in toluene 1n a
ratio of STGF/n-butyllithtum of 0.15 mol. When conversion
reaches 98%, the second reactors 1s loaded with N-methyl-
pyrrolidone used as a functionilized agent; the reaction 1s
carried out at 60° C. for 30 minutes.

The obtained product has the alpha-methylstyrene/iso-
prene/butadiene ratio of 18/36/46, and contains 60% of
3.4-1soprene units and 49% of 1,2-butadiene units, glass
transition temperature 1s —18° C., Mn=308000, polydisper-
s1ity=1.86, Mooney viscosity=57.

Thus, the claimed method provides the production of
branched functionalized diene (co)polymers characterized
by a statistical distribution of monomer units, a narrow
molecular weight distribution (MWD), and a high content of
vinyl units (1,2-butadiene units and/or 3,4-1soprene units
(more than 60%)) compared to the prototype. This 1s sup-
ported by Examples 2-17. The possibility of regulating the
branched functionalized parts in a rubber 1s supported by all
examples 1llustrated above. Examples 2, 4, 6, 8, 11, 13, 16,
and 18-20 1llustrate the regulation of the functionalized part
of a rubber by increasing the tlow rate of the second stream.
Examples 3, 5, 9, 12, and 15 1llustrate the regulation of the
coupled branched part of a rubber by increasing the flow rate
of the first stream.

The 1nvention claimed 1s:

1. A method for producing branched functionalized diene
(co)polymers by polymerization or copolymerization of
dienes with each other and/or with arylvinyl compounds 1n
a hydrocarbon solvent in the presence of an organolithium
initiator, an electron donor additive, a functionalizing agent,
and a branching agent, characterized in that the method 1s
carried out in two reactors connected 1n parallel, wherein the
polymerization or the copolymerization of the dienes with
cach other and/or with the arylvinyl compounds is carried
out in each of the reactors, wherein the organolithium
initiator, the electron donor additive, and the branching
agent are fed to the first reactor without the functionalizing
agent, and the organolithium imtiator, the electron donor
additive, and the functionalizing agent are fed to the second
reactor without the branching agent, and resultant polymer-
1zing mixtures are subsequently mixed with each other.

2. The method of claim 1 wherein the diene 1s selected
from the group consisting of butadiene and i1soprene.

3. The method of claim 1 wherein the organolithium
mitiator 1s selected from the group consisting of alkyl-
lithium, aryllithium, and alkenyllithium.

4. The method of claim 1 wherein the organolithium
initiator 1s fed to the first reactor in an amount of from 1.2
to 2.0 mmol based on 100 g of monomers.
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5. The method of claim 1 wherein the organolithium
initiator 1s fed to the second reactor 1n an amount of from 0.8
to 1.2 mmol based on 100 g of monomers.

6. The method of claam 1 wherein the electron donor
additive 1s a compound comprising at least one heteroatom
or a mixture thereot with alkali and/or alkaline metal alkox-
1des.

7. The method of claam 1 wherein the electron donor
additive 1s a compound comprising products of a reaction
between a compound comprising at least one heteroatom
and an alkali and/or alkaline metal alkoxide.

8. The method of claim 7 wherein a molar ratio of the
organolithium initiator to the alkali and/or alkaline metal
alkoxide 1s 1:(0.1-1.0), and a molar ratio of the organo-
lithium 1nmitiator to the compound comprising at least one
heteroatom 1s 1:(0.1-1.0).

9. The method of claim 1 wherein the branching agent 1s
added when a degree of conversion of the monomers reaches

>0 to 100%.

10. The method of claim 1 wherein the branching agent 1s
a compound selected tfrom the group consisting of Ehal,R.,
Ehal R, E'Hal,, wherein E and E' are Sn, Ge, or S1; Hal 1s
F, Cl, Br or I; R 1s C,-C,,-alkyl or aryl, and benzene C H,
having at least two hydrogen atoms substituted with a group
selected from -Hal, —CH—CH, and —C(O)alkyl, wherein
-Hal 1s as defined above, or several said compounds 1n any
combination, wherein said compounds are added as the
branching agent simultaneously or sequentially.

11. The method of claim 1 wherein the branching agent 1s

used at a molar ratio to the organolithium initiator of from
0.01 to 0.99.

12. The method of claim 1 wherein the functionalizing
agent 1s a compound selected from the group consisting of
N,N-di-substituted aminoalkylacrylamides and N,N-di-sub-
stituted  aminoalkylmetacrylamides, N,N-di-substituted
aminoaromatic compounds, N-substituted cyclic amaides,
N-substituted cyclic ureas, and N-substituted cyclic ami-
noketones.

13. The method of claim 1 wherein the functionalizing
agent 1s added when a degree of conversion of the monomers

reaches 95 to 100%.

14. The method of claim 1 wherein the functionalizing

agent 1s used at a molar ratio to the organolithium 1nitiator
of from 0.5 to 1.0.

15. The method of claim 1 wherein the polymerizing
mixtures from the reactors are mixed with each other at a
mass ratio of the first mixture to the second mixture, with the

ratio ranging irom (0.01-0.99) to (0.99-0.01).
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